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ABSTRACT

One of the most destructive exotic wildlife species in the southeastern U.S. is the
feral hog (Sus scrofa). To learn more about feral hog movement patterns and habitat use,
hogs were radio-collared and tracked from April 2005 to November 2006 in Congaree
National Park (CNP). Seven male and nine female hogs were monitored and their home
ranges averaged 218.2 ± 42.9 ha and 194.1 ± 31.0 ha, respectively. These home ranges
proved relatively small when compared to results from other analyses of home range size
in feral hogs, and suggest an abundant resource base in CNP. Habitat use was analyzed
using USGS vegetation maps and polytomous logistic regression (PLR). Habitat use
models were developed separately for males and females, as well as for all individuals
pooled. In each case the final model indicated a positive relationship between hog use
and some measure of oak abundance, suggesting the importance of oaks in CNP. It is
important to understand the movement patterns and habitat use of hogs as their
destructive nature can quickly decimate large areas and destroy native flora and fauna.
CNP encompasses the largest intact tract of oldgrowth hardwoods in the U.S. making
preservation from hogs an important issue.
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PREFACE

Feral hogs (Sus scrofa) are considered one of the most destructive exotic animals
in the United States and are present in roughly half of the 50 states (Engeman et al.
2001). Their high reproduction rate keeps populations abundant, which in turn places
native ecosystems at risk. This is especially so in areas of high sensitivity that contain
threatened or endangered species. Congaree National Park (CNP), located in central
South Carolina, encompasses the largest intact tract of oldgrowth bottomland hardwoods
in the U.S. making it an ecosystem of concern. The park also supports important
population of imperiled species such as the state concerned bog mint (Macbridea
caroliniana) and the rare swamp cucumber (Cayaponia boykinii). To establish a
management plan for CNP that protects its unique resources, data on feral hog movement
patterns and habitat use were needed.
Hogs were radio-collared and tracked from April 2005 to November 2006 in
CNP. Home range estimation was based on 95% kernel estimators created using GIS
software. I analyzed habitat use of feral hogs by determining the intensity of hog use in
relation to vegetation and other habitat characteristics across CNP. I used a polytomous
logistic regression (PLR) approach to create habitat use models. Results from home range
and habitat use analyses are compared to results from previous studies in other locations
and are examined in relation to the potential for developing control programs for feral
hogs in CNP.
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INTRODUCTION

The introduction and expansion of exotic plants and animals has generated much
concern among biologists because exotic species often disrupt ecosystems and directly or
indirectly cause the decline or eventual extinction of native organisms (Waithman et al.
1999). Although factors influencing the ultimate success of introduced organisms in
naïve ecosystems are complex, invasive species are often difficult to eradicate once
established. This is because invasive species often lack any sort of biological control,
such as a natural predator or competitor, and hence the expansion of the invasive species
can often go unchecked. This scenario often results in the development of logistically
difficult and/or expensive control programs by management agencies that meet with
limited success. The development of control programs are benefited, however, when
ample life history and location specific data can be gathered prior to the implementation
of eradication or control efforts.
One of the earliest exotic species released into native North American ecosystems
was the feral hog (Sus scrofa). Hogs were first introduced to North America in 1539, and
with additional and ongoing introductions throughout the continent, the range of feral
hogs expanded greatly in the U.S. and continues to do so (Gipson et al. 1997). The
species possesses a high reproductive rate for a North American large mammal with the
ability to produce two litters of up to 10 young per litter per year, in high quality habitat
(Ilse and Hellgren 1995). In the U.S., feral hogs occur in roughly half of the 50 states
(Engeman et al. 2001). They occur in all states throughout the southeastern U.S. where
they are considered a game species; private properties are often managed specifically for
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hog hunting. Feral hogs have been identified as a particular nuisance on state and federal
lands in the southeastern region, where the focus is less on game production and more on
the protection of native ecosystems. Hogs appear to be particularly damaging to wetland
ecosystems in the southeastern U.S. where they may compete with or damage sensitive or
endangered species through rooting and foraging activities (Bratton 1975).
One location that appears to be particularly at risk to the presence and activity of
feral hogs in the southeastern U.S. is Congaree National Park (CNP), located in central
South Carolina. CNP consists primarily of an active floodplain of the Congaree River,
and during most years floods several times a year. This unique floodplain ecosystem
supports many at-risk species, including 19 state or federally listed vertebrates and 9
listed plant species. Several of these species have life-history traits that leave them
especially vulnerable to hog impacts. For example, the largest known population of the
state concerned plant Macbridea caroliniana occurs in seepage forests within CNP and
this microhabitat is frequently subjected to rooting activity by hogs (Weeks 2006). Weeks
(2006) recently demonstrated that mean population estimates for M. caroliniana in a
patch of seepage forest heavily impacted by hogs were only about 10% of population
estimates from a non-impacted area. While negative impacts of feral hogs are not limited
to this one plant species, these data demonstrate the potentially devastating effect hogs
can have in this system.
The goal of this project was to examine the home range patterns and habitat use of
feral hogs in Congaree National Park. Although survey data existed, which mapped hog
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occurrence throughout the park, individual variability and intensity of use patterns with
respect to specific locations and habitat types have not been measured. Such data are
required, however, if managers of CNP wish to consider developing and implementing
control programs for feral hogs. For example, data on sizes, distributions, and fidelity of
individual home ranges, as well as intensity of use of specific habitat types, would allow
managers to consider the spatial and temporal effort required to initiate control measures.
The objectives of this study were therefore to (1) measure home range sizes of
male and female hogs in CNP throughout the annual cycle, (2) compare home range sizes
and locations within and among individuals and seasons, and (3) measure habitat use. I
also compared home range and habitat use data from this study with similar data from
other studies of feral hogs from both the southeastern U.S. and from outside of the region.
These comparisons will lend insight into the quality of feral hog habitat within CNP.
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METHODS

Study Site
CNP is located 32 km south of Columbia, South Carolina (Fig. 1), encompasses
8,984 ha of old-growth bottomland hardwood forest, and is the largest such tract
remaining in the United States. The area was designated as a National Monument in 1974
and became the 57th National Park in 2003. Much of the surrounding land is privately
owned and used for hunting. Visitorship in the park appears to be increasing, with ca.
84,000 visitors in 2005 and 134,000 in 2006.
The major tree species of CNP include sugarberry (Celtis laevigata), sweetgum
(Liquidambar styraciflua), American hornbeam (Carpinus caroliniana), bald cypress
(Taxodium distichum), American sycamore (Platanus occidentalis), and red maple (Acer
rubrum). Much of CNP is a floodplain forest that experiences wet and dry phases, which
are driven by responses of the Congaree River to seasonal rains. The Congaree River is
formed by the confluence of the Broad and Saluda Rivers ca. 30 km north of CNP. The
Saluda originates in northern South Carolina and flows for 233 km while the Broad River
forms in western North Carolina and flows for 241 km. As a result, the Congaree River
drains a large portion of upstate South Carolina and hence has the ability to flood rapidly
during heavy rain events. Flooding occurs on average 10 times per year, can consume
about 90% of the park, and can reach heights of 4 m. The average annual precipitation is
127 cm.
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Figure 1: Location of Congaree National Park, South Carolina, USA.
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Field Procedures
Field work was conducted between April 2005 and November 2006. Feral hogs
were captured in live traps (3.4 m3, 32 kg). Vehicle use is prohibited throughout much of
the park and so trap sites were located along the Congaree River, which provided boat
access, and in upland sections of the park, which were accessed from nearby roads. Much
of the CNP interior was therefore not trapped. Traps were spaced at least 2.4 km apart.
Each trap was baited with corn, although prebaiting was never used. Mash was used if
hogs were not captured after one week with dry corn. Traps were set in the evenings and
always checked as early as possible the subsequent morning. Upon capture each hog was
immobilized while still in the trap with an intramuscular injection of telazol (1cc per 23
kg) delivered via a jab stick. Immobilized hogs were removed from the trap, inspected for
visible signs of trap injuries, and then measured. Measurements included head and body
length, neck and chest circumference, front leg and right rear hoof length (± 1 cm). Body
mass was accurately measured with a scale when possible. If the telazol was wearing off
and the hogs were becoming alert, weight was estimated visually. Hogs with an estimated
body mass > 45 kg were ear tagged and fitted with a 420 g radio collar (model #
M2520B, Advanced Telemetry Systems, Isanti, MN). If multiple hogs were captured in
one trap, no more than two were collared.
I allowed at least 48 hrs for hogs to adjust to collaring and handling prior to
obtaining the first relocation. I tracked animals until I observed them directly or, if hidden
in vegetation, until vocalizations or movements confirmed their presence. I used a
handheld Garmin GPS to obtain relocation coordinates. Hogs were relocated ca. once per
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week. All relocations were collected during daylight hours. The majority of relocations
were obtained during two separate periods. The first period occurred between April 2005
and September 2005, while the second occurred between January 2006 and June 2006.
Relocations were obtained less frequently in between these sampling periods.

Home Range Analysis
Home range size and shape were calculated using the animal movement analysis
extension in ArcView (Hooge & Eichenlaub 1997) and AlaskaPak (National Park
Service). Home range size was calculated using the 95% fixed kernel estimator and 100%
minimum convex polygon method (MCP) (Silverman 1986; Worton 1989). Core areas
were calculated as 50% fixed kernel estimators. The advantage of kernel estimation is
that it frees the utilization distribution estimate from parametric assumptions and
provides an efficient means of smoothing locational data. Kernel methods also have wellunderstood and consistent statistical properties and are widely used in both univariate and
multivariate probability density estimation (Worton 1989). Home range estimates derived
from the MCP method were used for comparisons with previous studies. MCP estimates
also were used in analyses of temporal shifts in home range locations within individuals
between seasons and in analyses of overlap of home range between individuals.
For each individual I estimated a total home range which included all relocations
for that individual. Home range estimates from shorter time intervals
also were estimated where sample sizes allowed (i.e., sufficient relocations within
individuals to calculate home ranges and sufficient individuals to conduct a statistical
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analysis comparing home range size between groups). These shorter time intervals did
not necessarily follow strict definitions of seasons due to the need to achieve sufficient
sample sizes and due to the skewed trapping success I experienced (see Results).
Therefore, time periods are defined for each comparison. The minimum number of
relocations used to calculate these partial home ranges was determined by assessing the
stability of home range sizes in relation to the number of relocations. Prior to any analysis
I examined a cumulative curve of home range size in relation to sample size for each
individual and only included individuals where curves were relatively stable (i.e., home
range not increasing with increasing sample size) for the time period under consideration.
All of these comparisons were conducted using 95 % kernel home range estimates.
I calculated indices of home range dispersion and shifts in the central tendency of
home range locations over time for select individuals with enough relocations. Dispersion
indices were calculated as the mean distance of all relocations from the weighted mean of
the polygon center for the home range in question (e.g. compact home ranges result in
low dispersion indices). I calculated the weighted mean of points for a polygon using the
Jenness (2004) extension in ArcView. The weighted mean of points was calculated so
that a center point would fall in the middle of all known relocations and not simply the
center of each polygon. Changes in the central tendency (i.e., center) of home ranges over
time within individuals were examined by comparing the distance between weighted
mean centers of home range polygons between two time periods of interest with the
dispersion index for the first time period of interest (Plowman et al. 2006). For each
individual, I calculated the weighted mean of the center of the polygon for time period 1
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and for time period 2. I then calculated the dispersion index during time period 1 and
compared the distance between weighted means from polygons during time periods 1 and
2 with the dispersion index. If the distance between weighted means was > 0.5 *
dispersion index (hereafter referred to as the threshold value), I considered the shift to be
significant (i.e., > 0.5 of an individuals home range shifted to a new area).
I calculated the overlap in home ranges between individuals with temporally
sympatric relocation data. For each hog I calculated their home range polygon using the
animal movement analysis extension in ArcView (Hooge & Eichenlaub 1997). I then
determined the proportion of each individual’s home range polygon that was occupied by
a second individual and reported this as percent overlap.
Pairwise comparisons of home range size, dispersion, central tendency, and
overlap were conducted using t-tests. I also used a computer intensive resampling
procedure for pairwise comparisons when samples sizes were small and P-values from ttests bordered on significance (P < 0.10) to reduce the chances of making a Type II error
due to small sample size. I used the resampling add-in for Microsoft EXCEL (Simon
2003). I first calculated the difference in the means for the two groups being compared.
From the original data set I then drew a new sample, without replacement, keeping the
sample size in each group equal to sample sizes in the original groups. I calculated the
means for each group and the difference between these means. I performed 5000
iterations of the above procedure and compared the original mean to the simulated mean.
I determined P-value as (number of iterations where simulated mean > original
mean/5000).
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Habitat Use Analysis
I analyzed habitat use of feral hogs using a polytomous (i.e., multinomial) logistic
regression procedure (PLR). PLR can be used to assess wildlife habitat use by comparing
intensity of use of a specific location, (measured as a categorical response variable such
as high, medium, or low intensity of use) in relation to independent habitat variables.
PLR estimation makes no assumptions about normality, retains the information in the
ordered ranking of the dependent variable (North and Reynolds 1996), and requires no
comparisons to unused or random locations. I outline the procedure below.
First I projected all hog relocations onto a vegetation map of CNP generated by the U.S.
Geological Survey and The Nature Conservancy (2000). I determined the total area of
each vegetation class from the aforementioned map in CNP and grouped similar
vegetation classes together. I used the resulting six vegetation classifications with the
highest total area for all subsequent habitat analyses. The six vegetation classes were (1)
sugarberry/sweetgum/laurel oak/ironwood, (2) bald cypress/water tupelo/Carolina
ash/swamp tupelo, (3) plantation pine, (4) sweetgum/water oak/laurel oak, (5) bald
cypress/green ash/red maple/swamp oak, and (6) muscadine grape/pepper vine/trumpet
creeper. These six vegetation classes comprised 86% of the total area in CNP (Table 1).
The remaining 14% of area was comprised mainly of various mixed hardwoods, sedges,
box elder, sycamore, and possumhaw.
Next I divided CNP into cells by overlaying a 300 x 300 m grid on the CNP
vegetation map. Center points were also delineated for each cell. Grid cell sizes were
chosen to be small enough to allow an individual to move between cells in one day, but

11

12

Table 1. Vegetation variables and associated hectares for habitat classes used in
poyltomous logistic regression analysis in Congaree National Park, South Carolina for
the entire Congaree National Park and also for the subset of cells used by feral hogs.
Variable
Entire Park
Sugarberry/Sweetgum/Laurel Oak/Ironwood
Bald Cypress/Water Tupelo/Carolina Ash/Swamp Tupelo
Plantation Pine
Sweetgum/Water Oak/Laurel Oak
Bald Cypress/Green Ash/Red Maple/Swamp Oak
Muscadine Grape/Pepper Vine/Trumpet Creeper
Used Cells Only
Sugarberry/Sweetgum/Laurel Oak/Ironwood
Bald Cypress/Water Tupelo/Carolina Ash/Swamp Tupelo
Sweetgum/Water Oak/Laurel Oak
Muscadine Grape/Pepper Vine/Trumpet Creeper
Bald Cypress/Green Ash/Red Maple/Swamp Oak
Plantation Pine

Hectares

% Total

5651.3
1244.0
390.4
296.5
281.6
239.1

60%
13%
4%
3%
3%
3%

1015.5
115.0
80.5
49.1
39.9
11.4

69%
8%
5%
3%
3%
1%

large enough so that ca. 50% of cells had > one relocation. For each cell I determined the
proportion of occurrence for each of the six vegetation classes, the elevation, the distance
from the center of the cell to the nearest trail or road, the nearest permanent water source,
and the park boundary.
Using the same cells defined above, I next determined the intensity of use for
each cell by feral hogs. I analyzed three data sets; all relocations, males, and females. For
each data set I created a frequency distribution of the number of relocations within a cell
(independent variable) in relation to the number of cells containing that number of
relocations (dependent variable). Classification of use-intensity levels were then
determined as high, medium, or low based on clumping patterns observed from these
frequency distributions.
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I used a forward selection process to conduct the PLRs. Prior to analysis I
assessed all pairwise correlations among independent variables. To avoid
multicollinearity issues, pairs of variables with r > 0.6 were not entered into a model
together. Instead, the variable producing the strongest result from a
single variable PLR was made available for entry into the final model. I set the entrance
criteria to 0.10 and the criteria for keeping a variable in the model at 0.05. I report
coefficient estimates (±1 SE) and odds ratios (95% CI) for the three final models. All
means are presented ± 1 SE unless stated otherwise.
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RESULTS

A total of 115 trap nights occurred between April 2005 and April 2006 within
CNP, resulting in the capture and radio collaring of twelve female and eleven male hogs.
Hogs were captured at five of six trap locations along the river while six of nine traps
were successful in the uplands. Trapping success was 21% (11 of 52 trap-nights) along
the river and 19% (12 of 63 trap nights) in the uplands. Body measurements for each
captured hog are presented in Table 2. Due to logistical constraints most hogs were not
weighed but the five that were weighed ranged from 46 to 68 kg. There was a temporal
difference in trapping success by gender. During the first trapping period (April 2005 –
September 2005), eight males and four females were captured. Of those, six males and
two females were relocated frequently enough to allow estimation of home ranges. In the
second period (January 2006 – April 2006), three males and eight females were captured
resulting in one male and seven females being used for analysis. This difference in
trapping success limited the comparisons that could be made in home range sizes within
and between seasons and genders.
I obtained 512 relocations of radio-collared hogs between April 2005 and
November 2006 during daylight hours (Table 3). Maps of relocations for each individual
are presented in Appendix A. I removed three sows and four males from home range
analysis. These individuals had too few relocations for home range analysis due either to
death (n = 3) or collar failure (n = 4) relatively soon after capture.
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Table 2. Body measurements (cm) for feral hogs in Congaree National Park, South Carolina, captured between April 2005 –
April 2006.

15

Hog ID
F1
F2
F3
F4
F5
F6
F7
F8
F9
F10
F11
F12
Mean ± SE
M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
Mean ± SE

Head length
32.2
29.5
36.4
33.7
30.1
36.3
35.4
35.4
30.8
35.6
33.7
41.6
34.2 ± 1.0
34.5
33.8
32.7
34.6
30.6
35.9
30.0
36.4
38.8
39.6
41.7
35.3 ± 1.1

Body
length
143.0
144.5
155.0
122.0
111.0
140.8
138.5
139.0
120.7
142.8
133.0
138.4
135.7 ± 3.5
133.8
137.5
119.8
133.5
121.5
126.1
117.7
143.7
141.0
138.2
133.1
131.4 ± 2.7

Neck
circumference
76.0
80.2
75.8
53.4
55.8
76.7
75.2
60.6
49.3
54.3
59.9
70.2
65.6 ± 3.2
70.7
60.5
64.2
63.2
57.6
67.6
51.2
71.2
84.6
80.0
71.1
67.4 ± 2.9
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Chest circumference
102.5
109.3
109.4
80.5
78.6
107.2
102.7
89.7
74.1
90.1
103.2
93.0
95.0 ± 3.6
89.6
95.6
87.1
94.7
86.2
94.4
75.3
101.7
112.2
104.8
96.7
94.4 ± 3.0

Right front leg
79.8
64.8
73.2
62.5
60.9
67.0
71.6
65.1
63.6
68.4
69.4
69.1
68.0 ± 1.5
69.3
77.0
60.8
64.6
64.1
64.0
61.9
73.8
78.7
73.4
65.8
68.5 ± 1.9

Right rear hoof
5.0
5.7
6.0
5.4
5.0
5.4
5.5
5.4
5.0
5.6
5.6
5.4
5.4 ± 0.1
5.8
5.3
4.5
5.5
5.1
5.8
5.4
6.3
6.3
5.3
5.2
5.5 ± 0.2
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Table 3. Capture, relocation, and home range data for feral hogs in Congaree National Park, South Carolina, April 2005 –
November 2006.
Hog ID

Capture
date
4/23/2005
5/25/2005
5/25/2005
5/27/2005
6/10/2005
6/14/2005
7/22/2005
8/18/2005
2/1/2006
3/29/2006
4/13/2006

Capturea
location
Trap 2
Trap 2
Trap 6
Trap 6
Trap 2
Trap 6
Trap 7
Trap 9
Trap 11
Trap 16
Trap 16

Relocation
dates
5/05 – 10/06
5/05 – 9/05
5/05 – 9/06
5/05 – 9/05
6/05 – 2/06
6/05 – 6/06
7/05 – 8/05
8/05 – 8/05
2/06 – 8/06
3/06 – 5/06
4/06 – 6/06
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Num.
relocations
53
20
49
18
27
31
5
0
22
6
12
24.3 ± 5.2
0
4
23
34
34
20
8
34
27
31
31
23
24.5 ± 3.1

% locations
on private
property
0%
0%
0%
6%
4%
23%
0%
0%
77%
50%
25%
20% ± 8%
0%
25%
4%
0%
21%
20%
13%
15%
52%
0%
0%
0%
13% ± 5%

Fate as of 11/06
Dropped Collar
Unknown
Alive
Shot
Shot
Shot
Shot
Died
Shot
Dropped Collar
Shot

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
Mean ± SE
F1
4/23/2005
Trap 1
4/05 – 4/05
Dropped Collar
F2
4/23/2005
Trap 1
4/05 – 5/05
Dropped Collar
F3
4/30/2005
Trap 1
5/05 – 10/05
Shot
F4
7/28/2005
Trap 5
7/05 – 8/06
Died
F5
1/26/2006
Trap 10
1/06 – 8/06
Shot
F6
1/27/2006
Trap 10
1/06 – 6/06
Dropped Collar
F7
1/31/2006
Trap 9
2/06 – 3/06
Dropped Collar
F8
2/2/2006
Trap 11
2/06 – 11/06
Alive
F9
2/7/2006
Trap 9
2/06 – 10/06
Dropped Collar
F10
2/22/2006
Trap 14
2/06 – 10/06
Died
F11
3/7/2006
Trap 14
3/06 – 11/06
Alive
F12
3/29/2006
Trap 16
4/06 – 10/06
Alive
Mean ± SE
a
Map of trap locations are located in Figure 2.
b
--- Indicates that too few relocations were collected to determine adequate home ranges.
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Kernel home
range (ha) b
136.7
180.2
159.8
145.7
180.1
269.7
----455.5
----218.2 ± 42.9
----169.0
65.5
190.7
152.7
--389.6
156.9
271.9
201.7
122.2
191.1 ± 31.1

MCP home
range (ha)
140.6
118.6
116.3
62.8
129.3
232.5
----225.4
----146.5 ± 23.2
----141.1
45.4
134.8
75.8
--262.3
115.3
186.8
188.2
110.4
140.0 ± 21.7

Core Area
(ha)
15.7
40.0
29.0
45.3
45.7
39.1
----59.9
----39.2 ± 5.3
----40.7
10.2
32.6
27.3
--49.4
27.0
55.3
30.0
10.0
31.4 ± 5.2
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I estimated total home ranges for seven male and nine female hogs (Fig. 2). Total
home range estimates were based on relocations obtained over a period of 98 to 516 days.
The mean duration between relocations was 5.3 (± 0.4) days for males and 5.6 (± 0.4)
days for females. The mean number of relocations used to estimate total home range sizes
did not differ (t7 = 0.5, P = 0.6) between males (31.4 ± 5.3) and females (29.6 ± 1.7). The
number of relocations used to estimate total home range sizes are similar to or greater
than typically recommended for calculation of home range size using the kernel estimator
(Seaman et al. 1999).
Estimates of 95% kernel home range size ranged from 65.5 ha to 455.5 ha for all
individuals and 50% kernel home range size (i.e., core areas) ranged from 10.0 ha to 59.9
ha (Table 3). Estimates of MCP home range size ranged from 45.4 ha to 262.3 ha (Table
3). Estimates of kernel home range size (203.0 ± 24.0 ha) were significantly greater (t25 =
2.05, P = 0.05) compared to estimates of MCP home range size (142.9 ± 15.4 ha) when
data were pooled among all individuals (Table 3). For all individuals the correlation
between home range size and number of relocations was weak (|r| < 0.37 for both males
and females) suggesting estimates of home range size did not increase strongly with
sample size.

Gender and Seasonal Home Range Comparisons
There was no significant difference (t12 = 0.5, P = 0.7) in the total home range
size for all males (218.2 ± 42.9 ha) compared to all females (194.1 ± 31.0 ha). There were
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Figure 2: 95% kernel estimation for 7 male and 9 female feral hogs in Congaree National
Park, South Carolina, April 2005 – November 2006.
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also no significant differences (t14 = 1.1, P = 0.3) in core areas between males (39.2 ± 5.3
ha) and females (31.4 ± 5.2 ha), in distance traveled from trap site to the farthest
relocated position (t14 = 0.28, P = 0.39) between males (1661.3 ± 192.4 m) and females
(1593.1 ± 154.6 m), or in dispersion (t13 = 0.2, P = 0.9) between males (508.3 ± 54.2 m)
and females (495.7 ± 46.7 m).
I was able to collect temporally overlapping relocations between January and
November 2006 for five male and nine female hogs (Table 4). Home range sizes of males
from January to November 2006 (279.1 ± 71.6 ha) were not significantly different (t6 =
1.1, P = 0.3; resampled P = 0.12) compared to females during this same time period
(190.2 ± 37.9 ha). The range in home range sizes was nearly identical for both genders
during this time period as well (males 77.5 ha to 455.5 ha, females 65.5 ha to 452.4 ha).
There also was no significant difference (t6 = 1.0, P = 0.4) in home range dispersion of
males from January to November 2006 (595.8 ± 91.3 m) compared to females during this
same time period (492.8 ± 47.3 m).
I compared home range sizes of males during spring and summer months (i.e.,
April – September) between 2005 and 2006. The mean spring/summer home range size
for six males during 2005 (122.0 ± 15.8 ha) was slightly smaller (t5 = 1.8, P = 0.14;
resampled P = 0.065) compared to this same time period in 2006 for five males (212.7 ±
48.4 ha). Three of the six males used in the 2005 analysis were also used in the 2006
analysis. Similarly, the mean dispersion of spring/summer males during 2005 (372.6 ±
26.7 m) was slightly less (t5 = 1.9, P = 0.11; resampled P = 0.052) compared to the same
time period in 2006 (509.2 ± 65.7 m).
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Table 4. Home range estimates (95% kernel) for feral hogs in Congaree National Park, South
Carolina, January – November 2006.
Males
N
Home range (ha)
Females
N
Home range (ha)
M1
30
77.5
F4
24
65.5
M3
27
170.4
F5
33
163.4
M6
14
417.1
F6
19
158.7
M9
22
455.5
F7
8
118.7
M11
11
275.3
F8
34
452.4
F9
27
156.9
F10
31
271.9
F11
31
201.7
F12
23
122.2
Mean ± SE 20.8 ± 3.7
279.1 ± 71.6
25.6 ± 2.8
190.2 ± 37.9
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For females I had a sufficient sample to compare winter/spring (i.e., January –
May) home ranges with summer/fall (May – November) home ranges during 2006. There
was no significant difference (t11 = 0.3, P = 0.8) in the winter/spring home range size for
nine females (164.1 ± 56.2 ha) compared to summer/fall home ranges of six females
(146.8 ± 27.1 ha). All six hogs used in the summer/fall analysis were also used in the
winter/spring analysis. Mean dispersion for females from January – May 2006 (429.4 ±
69.5 m) also was not significantly different (t13 = 0.1, P = 0.9) compared to females
during May – November 2006 (421.2 ± 51.5 m).
I examined temporal shifts in central tendency of home ranges within individuals
between time periods. It was not uncommon for individuals to shift their home ranges
between seasons, although the range in the magnitude of shifts was wide (Table 5). For
example, two of three males had shift distances that were ca. 4.5x as great as threshold
values while all of the females examined had shift distances that were ca. 2.5 – 5.5x as
great as threshold values (Table 5).
I also examined overlap between individuals with sympatric sets of relocations
(Table 6). Overlap within females and within males captured in different trap locations
never exceeded 1%. Overlap within females and within males captured in the same trap
locations ranged from 21 to 100%.

Fate of Hogs and Use of Private Property
There was no significant difference (t7 = 0.7, P = 0.5) in the percent of males with
at least one relocation on private property (30.8 ± 11.3%) compared to females
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Table 5. Spatial shifts in central tendency for feral hogs in Congaree National Park, South
Carolina, April 2005 – November 2006.
Shift distance
Threshold value
(m)b
Hog ID
Time period 1
Time period 2
(m)a
M1
4/2005 – 8/2005
1/2006 – 6/2006
147.3
708.5
M3
5/2005 – 8/2005
1/2006 – 6/2006
195.7
80.7
M6
6/2005 – 8/2005
2/2006 – 6/2006
160.0
713.0
Mean ± SE
167.6 ± 14.5
500.72 ± 210.0
F5
1/2006 – 4/2006
4/2006 – 8/2006
140.0
786.8
F8
2/2006 – 5/2006
5/2006 – 11/2006
417.4
1032.5
F10
2/2006 – 5/2006
5/2006 – 10/2006
241.4
581.0
F11
3/2006 – 5/2006
6/2006 – 11/2006
192.3
665.1
Mean ± SE
247.8 ± 60.2
766.4 ± 98.3
a
Threshold value = mean dispersion value of all relocations during time period 1 * 0.5.
b
Shift distance calculated as the distance between the weighted mean of points (i.e., weighted center) of
two home range polygons for two separate time periods using the weighted mean of points extension
(ArcView 3.3, Jenness 2004). The significant shift distances are bolded.

(21.4 ± 5.7%). I also examined the ultimate fate of all hogs. Thirty-five percent (n = 8)
were shot, 31% dropped their collars, 13% died from unknown cases, 4% had an
unknown disappearance, and 17% were still alive as of last relocation (Table 3). Of the
eight hogs that were shot, 75% of those were males and three were shot within 7 weeks of
crossing over onto private land. One was shot on CNP property within 3 weeks of being
collared. The remaining four were shot from 5-7 months after crossing onto private land.

Habitat Use
I examined habitat use for all hogs and within males and females. The all
individuals group included 20 hogs with 476 relocations across 167 cells of the CNP
map. The frequency distribution of use-intensity was categorized into three levels based
on a visual assessment of the cells; 125 cells were classified as low- use (1 – 3 relocations
per cell), 31 cells were classified as medium-use (4 – 7 relocations per cell), and 11 cells
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Table 6. Proportion of home range area for malea and femaleb feral hogs that were
overlapped by other individuals of the same gender, Congaree National Park, South
Carolina, February – June 2006.
Hog ID
Overlapped by
% area overlappedc
Same trap location
F5
F6
67
Yes
F6
F5
100
Yes
F7
F9
41
Yes
F9
F7
25
Yes
F10
F11
82
Yes
F10
F12
<1
No
F11
F10
99
Yes
F12
F10
<1
No
M3
M6
21
Yes
M6
M3
37
Yes
a
Males 1, 9, 11 included in analysis but did not overlap with any other individuals.
b
Females 4, 8 included in analysis but did not overlap with any other individuals.
c
Home ranges of F3, F4, F8, M9, did not overlap with home ranges of any individuals of the same gender.
M1, M2, M4, M5, did overlap with hogs of the same gender but not during February – June 2006. M10,
M11, did overlap during this time period but had too few points to allow sufficient data analysis.

were classified as high-use (8 – 16 relocations per cell; Fig. 3a). The final PLR model
indicated that hog use increased in intensity as the proportion of four of the ten variables
increased within a cell. These four variables were the sugarberry/sweetgum/laurel
oak/ironwood vegetation group, the bald cypress/green ash/ red maple/swamp oak
vegetation group, the sweetgum/water oak/laurel oak vegetation group, and the
muscadine grape/pepper vine/trumpet creeper vegetation group. The odds ratio for each
vegetation class ranged from 1.03 to 1.06, indicating that as the amount of each variable
increased the odds that a site was used more intensively also increased (Table 7).
However, the confidence interval for the muscadine grape/pepper vine/trumpet creeper
variable included 1, which indicates this variable was not a strong predictor of hog use.
The all male group included ten hogs with 224 relocations across 79 cells. The
frequency distribution of use-intensity was categorized into three levels based on a
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Figure 3: Determination of three categorical use intensity levels used in analysis of
habitat association of feral hogs radio-collared in Congare National Park,
South Carolina, April 2005 – November 2006.
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Table 7. Habitat use data from polytomous logistic regression models of feral hogs radio collared in Congaree National Park,
South Carolina, April 2005 – November 2006.
Analysis
Groups
All
n = 476 Relocations

Males
n = 224 Relocations
Females
n = 252 Relocations

Variable
Sweetgum/Water Oak/Laurel Oak
Bald Cypress/Green Ash/Red Maple/Swamp Oak
Sugarberry/Sweetgum/Laurel Oak/Ironwood
Muscadine Grape/ Pepper Vine/ Trumpet Creeper
Muscadine Grape/ Pepper Vine/ Trumpet Creeper
Sugarberry/Sweetgum/Laurel Oak/Ironwood
Sweetgum/Water Oak/Laurel Oak
Bald Cypress/Green Ash/Red Maple/Swamp Oak

25
25

Estimate ± SE
0.06 ± 0.02
0.06 ± 0.02
0.03 ± 0.01
0.04 ± 0.02
0.11 ± 0.04
0.08 ± 0.03
0.13 ± 0.06
0.04 ± 0.02

Chi Squared
8.17
6.62
6.52
3.64
7.04
5.70
5.09
4.64

P - Value
0.01
0.01
0.01
0.05
0.008
0.02
0.02
0.03

Odds
Ratio
1.06
1.06
1.03
1.04
1.12
1.08
1.13
1.04

Odds Ratio
95 % CI
1.019, 1.106
1.015, 1.114
1.008, 1.059
0.999, 1.085
1.030, 1.218
1.014, 1.151
1.017, 1.265
1.004, 1.085
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visual assessment of the plots; 61 cells were classified as low-use (1 – 3 relocations per
cell), 11 cells were classified as medium-use (4 – 5 relocations per cell), and 7 cells were
classified as high-use (6 – 15 relocations per cell; Fig. 3b). The final PLR model
indicated that hog use increased in intensity as the proportion of three of the ten variables
increased within a cell. These three variables were the muscadine grape/pepper
vine/trumpet creeper vegetation group, the sugarberry/sweetgum/laurel oak/ironwood
vegetation group, and the sweetgum/water oak/laurel oak vegetation group. The odds
ratio for each habitat class ranged from 1.08 to 1.13, indicating that as the amount of each
variable increased the odds that a site was used more intensively also increased.
The all female hogs model included ten hogs with 252 relocations across 98 cells.
The frequency distribution of use-intensity was categorized into three levels based on a
visual assessment of the plots; 77 cells were classified as low-use (1 – 3 relocations per
cell), 14 cells were classified as medium-use (4 – 6 relocations per cell), and 7 cells were
classified as high use (7 – 10 relocations per cell; Fig 3c). The final PLR model indicated
that hog use increased in intensity as the proportion of one variable, bald cypress/green
ash/red maple/swamp oak, increased within a cell. The odds ratio was 1.04, indicating
that as the amount of this variable increased the odds that this site was used more
intensively also increased.
The use-intensity cells are uniformly positioned throughout CNP (Fig. 4). All but
one of the high and medium-use cells are connected (including diagonally) to low-use
cells. All of the isolated cells (i.e. cells not connected to any other cells) are low-use cells.
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All high-use cells occur inside home ranges that encompass ≥ 34 relocations from either a
single hog or group of hogs. Maps of male and female use-intensity levels are presented
in Appendix B.
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Figure 4: Use-intensity levels for male and female feral hogs in Congaree National Park,
South Carolina, April 2005 – November 2006. Values for categories defined in results.
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DISCUSSION

The detrimental impacts on native habitats by feral hogs can be devastating. For
example, in the southeastern U.S., Bratton (1975) observed that herbaceous understory
dominated by Carex aestivalis and Thelypteris noveboracensis in gray beech forest
habitat in Great Smoky Mountains National Park, North Carolina, was reduced over a 55
year period from 100% prior to hog introduction to < 10% following hog introduction.
Similarly, Singer et al. (1984) found that in hardwood forests stands in Great Smoky
Mountains National Park, Tennessee, dominated by American beech (Fagus grandifolia),
maple (Acer saccharum, A. rubrum), and yellow birch (Betula alleghaniensis), forest
litter was 65% lower in stands that experienced rooting from hogs compared to exclosure
areas. These authors also documented a detrimental effect on small mammal
communities. Trapping efforts for voles and shrews in stands that were intensively rooted
by feral hogs were unsuccessful (zero captures) while efforts in unrooted stands resulted
in moderate success. Monitoring efforts in CNP have also documented extensive
disturbance. Zengel (2005) showed that total repeated disturbance in floodplain habitats
within the park were extremely high (50 – 80% of plots disturbed over a three year
period), with Cypress-Tupelo swamp habitat being the most heavily disturbed. These data
demonstrate that hogs can impact extensive areas within a system and that these impacts
can extend to various components of the ecosystem.
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Home Range Sizes in Feral Hogs
Home range size of feral hogs if often attributed to food abundance, with the two
being negatively related (Kurz and Marchinton 1972; Russo et. al. 1997; Singer et al.
1981; Saunders and Kay 1991; Massei et al. 1997). The extent of damage caused by hogs
is related in part to the size of their home range, the dispersion of their movements, and
their habitat use patterns. Large home ranges may result in widespread but less intensive
damage, while compact home ranges may result in more intensive damage. All of the
spatial measures I examined suggest intensive impacts by hogs within CNP.
During this study feral hogs had relatively small home ranges, a relatively large
percentage of home range overlap among individuals, and a lack of gender difference in
home range size compared to similar measures from other locations. Kernel estimates of
home range sizes of feral hogs in this study ranged from 65.5 to 455.5 ha, with an
average of 203 ha while MCP estimates ranged from 63 to 262 ha, with an average of 143
ha. These estimates are smaller than those typically reported for this species. For
example, Saunders and Kay (1991) and Caley (1997) reported MCP home range sizes
from 1,070 to 3,500 ha for males and 490 to 2,410 ha for females in Australia. In Texas,
Gabor et al. (1999) reported kernel estimates for female home ranges of 590 ha. Baber
and Coblentz (1986) reported MCP home ranges of 244 ha for males and 146 ha for
females on Santa Catalina Island in California. Estimates of home range size for feral
hogs in other locations within South Carolina also appear to be slightly larger or in some
cases similar to (but not smaller than) estimates from this study. Kurz and Marchinton
(1972) in upstate South Carolina and Wood and Brenneman (1980) in coastal South
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Carolina found MCP home range sizes for hogs in bottomland hardwoods forests and
marshes to be between 123 and 799 ha and 181 and 226 ha respectively.
Core area analysis can provide information on intensity of space use within home
ranges. If resources are concentrated within a home range, space use should reflect
resource distribution, resulting in fidelity of use for specific areas and hence well defined
core areas. Estimates of core areas for feral hogs in CNP (39.2 ha for males and 31.4 ha
for females) amounted to 18% of home range area for males and 16% for females on
average. This is similar to estimates from southern Texas where core areas of hogs
comprised 17% of home ranges (range 12 ha to 68 ha; Ilse and Hellgren 1995). Similarly
Gabor et al. (1999) found the average core area among female groups in southern Texas
was ca. 15% of their home range (range 92 ha to 138 ha). Massei et al. (1997) found the
core area of all hogs in their study in Italy averaged 90.7 ha for males and 59.2 ha for
females with male core use comprising 8% of their home range and female core use
comprising 13% of their home range. The proportion of the home range comprised of the
core area appeared to be slightly larger for hogs in CNP compared to most of these other
studies. This may be due in part to the fact that the home ranges in CNP are smaller and
therefore even moderate movements within the home range may result in larger core
areas. High intensity space use is also suggested from a comparison of total movements
of feral hogs (i.e., movement data from the entire sampling period for each individual) in
CNP to daily movements from other locations. For example, the farthest distance traveled
from a trap location by a collared hog in CNP during this study was 2,625 meters, and
there was little difference in maximum distance between sexes. Kurz and Marchinton
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(1972), however, found the mean 24 hour distance traveled for hogs in upstate South
Carolina to be 2,850 meters for males and 1,790 for females. Diong (1982) found the
mean 24 hour distance traveled for hogs in Malaysia to be 1,170 meters for males and
740 meters for females. Similar differences are observed when home ranges are
compared as well. The average total MCP home ranges from this study were ca. 143 ha.
In comparison, Saunder and Kay (1991) found 24-hour home ranges, (total area traversed
in one day), of 140 ha for males and 80 ha for females in Australia while Wood and
Brenneman (1980) found 24-hour home ranges of ca. 160 ha for both male and female
hogs in coastal South Carolina. These data indicate that hogs in CNP do not need to
travel great distances to secure food or mates.
Density also may affect home range sizes of hogs. For example, Saunders and
McLeod (1999) and Massei et al. (1997) found that home range size was negatively
related to density in Australia and Italy, respectively. Although hog density in CNP was
never measured, the number is thought to be relatively high. Non-collared hogs were
frequently observed when looking for collared hogs and evidence of hog rooting was
abundant throughout the park. Wood and Brenneman (1980) estimated hog densities in
Coastal South Carolina to be 10 – 20 hogs per km2. In contrast Gabor et al. (1999) in
Texas estimated hog densities of only 1.4 – 1.7 hogs per km2, while Saunders and Kay
(1991) found densities of 2 hogs per km2 in Australia. The density of hogs on tropical
islands have been recorded between 25 – 30 hogs per km2 (Diong 1982) and 21 – 34 hogs
per km2 (Baber and Coblentz 1986). The apparent compact densities in CNP may allow
hogs to reduce their home range sizes as they do not have to travel far in search of mates.
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Shifts and Overlap in Home Ranges
Continual reoccurrence of an animal in the same home range between identified
time intervals (e.g. months, seasons, or years) indicates spatial fidelity, whereas a shift or
expansion of the home range between periods of time suggests a lack of spatial fidelity
(Plowman et al. 2006). Temporally, home range sizes and locations may shift to
compensate for changing availability of resources. These shifts indicate an individual’s
ability to adjust to a changing environment (Perelberg 2003; Kurz and Marchinton 1972).
In the case of an exotic species like the feral hog that is known to cause substantial
damage to native flora and fauna, shifts in size or location of an individual’s home range
may also expose additional areas to damage. I examined the extent to which several hogs
shifted home ranges by comparing home range centers between two time periods.
Although sample sizes were low, I found that two males shifted their home range centers
between seasons by > 700 m, while one male only shifted by 80 m. It also appeared that,
once the males shifted to new locations, their home ranges stabilized. These males shifted
their home ranges 12 – 14 months post-collaring. These three hogs were located in the
southern area of the park, which is bordered by the Congaree River. Their shifts could
have been in response to drought conditions forcing them to find new river access points
due to steep river banks. I also found that four females shifted the centers of their home
ranges, all by > 500 m. As in males, female home ranges stabilized once they relocated.
These shifts occurred 7 – 9 months after collaring. The females all shifted north, although
the reason is unclear. This shift could have been brought about by the dispersal of young
(Gabor et al. 1999) but a change in food supply is more likely (Kurz and Marchinton
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1972; Wood and Brenneman 1980) as all shifts occurred to the north, which has higher
elevations, and a different resource base. Fidelity to new home ranges upon establishment
suggests that resources were sufficient in the new locations to support the individuals.
Whether or not individual hogs tolerate overlap in home ranges also contributes
to the potential concentration or dispersion of habitat impacts. A large percentage of
spatial overlap suggests an abundant resource base (Manfredi et al. 2006), compact
resource use, and small home ranges (Lesage et al. 2000). Overlap for hogs caught at the
same traps in CNP ranged from 21 to 100%. Although male hogs are thought to be
solitary, four sets of two boars had an overlap average greater than 21%. Kurz and
Marchinton (1972) found complete overlap among four boars, but these animals had an
estimated age of 7 – 12 months. This may indicate that the males I observed with
overlapping home ranges in CNP were relatively young. In fact, canine size and body
sizes of these individuals were similar to those of females, suggesting these hogs may not
have been mature. Overlap in female hogs in our study was often high. While overlap in
females may be more common (Kurz and Marchinton 1972), the degree of overlap I
observed still suggests that impacts to the ecosystem may be more severe because overlap
does occur.

Gender and Seasonal Differences
An unusual finding from my study was that males had only slightly larger home
ranges compared to females. In contrast, most other studies have found males to have
significantly larger home ranges compared to females (Caley 1997; Baber and Coblentz
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1986; and Saunder and Kay 1991). Differences in home range size between genders in
hogs are often related to population density, body size differences among genders, or
young rearing (Russo et al. 1997; Saunders and Kay 1993; Caley 1997). The lack of
difference I observed in home range sizes may be due in part to a relatively high
population density in CNP, which would reduce the movement of male hogs when
searching for mates and hence result in smaller home ranges for males. The body sizes of
male and female hogs in CNP also did not differ at the time of capture (Table 2). Often
larger individuals require larger home ranges and hence in this study the lack of a
difference in body size between genders may also have contributed to the similar home
range sizes.
Results from other studies showed that females restricted their movements when
raising young. All female hogs tracked in CNP were observed with young at some point
during the study. Home range sizes of these females ranged from 65 to 390 ha. The
variation in home range sizes among individuals suggests that the presence of piglets
with females did not necessarily result in decreased home range size for females in CNP
compared to males. If females in CNP can successfully raise young while relying upon
small home ranges then it would appear that habitat quality in the park is relatively high
and that sufficient food resources are available even in small areas.
Spring/summer home range sizes for three males were larger during 2005
compared to 2006. These three hogs all crossed onto private property with one relocating
across Congaree River. Increased body mass might have required these males to have
larger home ranges and forced them to seek out new habitat; however, these males on
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average were the same size as all other males when collared. There was no significant
difference in the winter/spring home ranges and summer/fall home ranges of female hogs
during 2006. These data show that there is no change in home range size between years
or seasons for females. Hughes (1985) found a 3-fold increase in winter home range area
in poor mast years for female hogs in South Carolina. Saunders and Kay (1991) and
Boitani et al. (1994) found that seasonal home ranges for both males and females were
largest in winter and smallest in autumn. They suggest increased winter movements are
influenced by a period of food shortage. With abundant mast, winter and summer home
ranges did not vary in Tennessee or South Carolina (Singer et al. 1981; Wood and
Brenneman 1980).
All of these measures suggest compact space use of feral hogs in CNP, and
therefore, potential for high intensity impacts on the ecosystem. As with most large
mammals, home ranges in feral hogs tend to vary inversely with resource abundance
(Diong 1982; Baber and Coblentz 1986; Saunders and Mcleod 1999). Therefore habitats
of greater productivity often result in smaller home ranges. This appears to be the reason
underlying small home ranges in CNP. Other factors resulting in small home ranges
could include: predators, hunting pressure, habitat structure, social dynamics, drought,
and temperature. Predators of hogs, such as coyotes, are present in CNP, but were
observed at extremely low numbers. Hunting is forbidden in CNP. Evidence of poaching
was observed during the study, but is thought to be a limited activity. Habitat structure is
predominantly homogenous throughout CNP with 60 percent covered in
sugarberry/sweet gum/laurel oak/ironwood. The next largest habitat type of bald
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cypress/water tupelo/Carolina ash/swamp tupelo covers 13 percent. The effect of social
dynamics on the home ranges of hogs in CNP is unknown, but seems unlikely due to the
lack of territoriality observed in CNP. While drought conditions reduced flooding events,
direct access to water was not impacted. Temperature ranges in South Carolina do not
reach extreme highs or lows and therefore are thought not to affect home ranges. All
other home range studies on hogs in South Carolina attribute lack of food availability as
the main reason for increasing home ranges (Kurz and Marchinton 1972; Wood and
Brenneman 1980; Crouch 1983; Hughes 1985). Hughes (1985) does acknowledge
thermoregulation as a possible factor in home range size. Thermoregulation has been
attributed to affecting home range size in areas of extreme elevation change (Singer et al.
1981; Belden and Pelton 1976). Therefore, these small home ranges in CNP suggest
abundant energy resources.
The small home ranges observed in this study could be a function of field protocol
in that all relocations were collected during daylight hours. Hogs are known to be
nocturnal with an increase in activity from dusk to dawn (Boitani et al. 1994; Saunders
and Kay 1991; Caley 1997). This nocturnal activity can also be influenced by seasons.
When temperatures are cool in winter months hogs spend a greater percentage of their
activity time in daylight hours as opposed to summer when they are mainly nocturnal
(Kurz and Marchinton1972; Singer et al. 1981, Massei et al. 1997). Relocations of hogs
were collected during all seasons in CNP, which hopefully allowed for relocations during
high activity periods and encompassed their entire home ranges. Nocturnal activity in
hogs is thought to have evolved from human influence and hunting pressure (Kurz and
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Marchinton 1972; Giles 1980; Singer et al. 1981). Since there is no hunting pressure in
CNP and its designation as a wilderness area restricts human contact with hogs it is
possible that hogs spend a large percentage of their activity time during daylight hours in
CNP.
Hogs are known to travel beyond the boundaries of a park or established wildlife
management area (Gabor et al. 1999; Saunders and Kay 1991; Caley 1997). Saunders and
Kay (1991) reported that two hogs established home ranges beyond the Sunny Corner
State Forest boundaries in Australia. They were both shot within 12 months after leaving
the forest. Of the thirteen hogs in this study that crossed onto private property, five never
returned to CNP, while the others passed back and forth on a regular basis. Three of the
aforementioned five were shot almost immediately after crossing onto private property.
Four hogs were shot several months after their first occurrence on private property and
another was suspected of being illegally shot within the borders of CNP. Six of the
thirteen hogs that crossed onto private property were male and of those five were shot.
Only two of the seven females that crossed onto private property were shot, suggesting
that hunters in the area may be targeting males. However, four of the female hogs tracked
on private property dropped their collars before their ultimate fate was determined so it is
possible that more females were eventually shot but unable to be recorded.

Habitat Use
The habitat classes I used for analysis of habitat use data were selected based on
their importance as animal habitat structures in terms of total hectares available. The six
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classes chosen represent ca. 86% of the total area in CNP. I was careful when combining
habitat classes to only combine habitats of similar structure and keep the number of
classes to a minimum. Three use-intensity classes were chosen to improve the power of
the model when selecting habitat types (North and Reynolds 1996). As the number of
use-intensity classes increase, the model will be less accurate at predicting differences in
habitat use (Cohen 1988).
When data were pooled among all hogs, habitat use was best predicted by a 4variable model that included just vegetation classes. The odds ratios for the vegetation
classes sweetgum/water oak/laurel oak and bald cypress/green ash/red maple/swamp oak
were similar and suggest these two habitats are most important. The vegetation classes
with the three highest odds ratios each included oaks. Production of mast from the three
oaks in these classes likely increased their importance for hogs. Mast crops such as oaks
have always been an important food source for hogs (Boitani et al.1994; Singer et al.
1981; Wood and Roark 1980).
Similarly, the model that considered just male hogs included three vegetation
classes, all of which were included in the all hogs model. These were the sweetgum/water
oak/laurel oak, muscadine grape/pepper vine/trumpet creeper, and the
sugarberry/sweetgum/laurel oak/ironwood vegetation classes. The first two classes listed
had the highest odds ratios suggesting these two are most important. The inclusion of the
muscadine grape/pepper vine/trumpet creeper class was not surprising given the food
supply potential of those plant species. It’s also likely that the inclusion of this class was

39

40

the result of its location along the Congaree River where most of the male hogs were
tracked.
The model for female hogs included only one vegetation class, bald cypress/green
ash/red maple/swamp oak, which was also included in the all hogs model. This is likely a
result of the location of the collared female’s I studied within the park. Their relocations
generally occurred in the center/northern section of the park where those tree species
were common. These tree species also indicate an area with more permanent water
sources. Because females travel in large sounder groups, and therefore require a greater
volume of water then solitary males, a permanent water source might be of greater
importance to them than males.
Of the six vegetative classes, two were not selected (plantation pine and bald
cypress/water tupelo/Carolina ash/swamp tupelo). These habitats are located in certain
sections along the parks northern boundary, which was rarely visited by collared hogs.
This might have been due to the lack of trapping in that area but could also have resulted
from those tree species producing a lack of food. The distance to the park boundary,
nearest trial or road, permanent water source, and the elevation vegetation classes were
never selected. As the park boundary and nearest trail or road have no delineating
features except for the river on the southern boundary that would effect hog movement,
this is not unexpected. There were no extreme elevation changes except along the river.
The presence of temporary water sources and hog wallows presumably kept the
permanent water source class from being selected.
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The position of all use-intensity cells in the park was relatively uniform,
indicating that ideal habitat was located throughout the park. All high use-intensity cells
where contained inside home ranges with ≥ 34 relocations. This suggests that while core
areas might be important, hogs with less relocations are moving throughout their home
ranges. Each of the isolated cells were categorized as low-use cells, suggesting that hogs
in CNP established home ranges and spent the majority of their time in the heart of those
home ranges.
Rainfall and the availability of water can impact the home range and habitat use
of hogs (Wood and Brenneman 1980; Gabor et al. 1999; Zengel 2005; Saunders and Kay
1991). This study was conducted during a drought phase and the results should be
interpreted with this in mind. Drought conditions may have resulted in hogs
concentrating their activity in relatively wetter habitats or locations within CNP, limiting
their home range size. Greater hog abundance may have resulted as mortality decreased
due to a lack of flooding, a common source of mortality for hogs in CNP. Drought
conditions may have exposed wetter habitats, such as bald cypress/water tupelo/Carolina
ash/swamp tupelo, that would not be available during non drought conditions, which
possibly increased hog use of these habitats. These conditions probably affected my
results only minimally since the drought was not yet considered severe.

Implications of Home Range and Habitat Use Data for Congaree National Park
The results of this study clearly showed that home ranges of feral hogs in CNP
were relatively small and that habitat use was relatively homogeneous. Together, these
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characteristics suggest that foraging and rooting activities are likely to be concentrated
for each individual, but relatively widespread throughout the park. This increases the risk
to specific locales within home ranges as they are likely to experience high levels of hog
activity. The relatively continuous distribution of hogs based on habitat use data suggests
that hogs occur throughout the park, and as such, much of the park is at risk from hog
activity. This is similar to results reported by Zengel (2005).
Efforts to control populations of feral hogs in Australia and New Zealand suggest
it may be necessary to remove > 70% of the feral hogs annually in an area to reduce or
maintain population numbers (Dzieciolowski et al. 1992; Caley 1993; Saunders 1993).
My data suggest that hogs move freely between the park and adjacent private land.
Therefore, control of hogs in CNP will in large part succeed or fail based on an effective
plan to incorporate adjacent private land owners. If male and female hogs collared in
CNP are spending 31 and 21% of their time respectively on private property, as was the
case during my study, it is likely hogs on adjacent private property are spending similar
amounts of time in CNP. Therefore, a management plan will only be effective if National
Park personnel can convince private land owners to manage hogs on their lands. It is
unclear how this flow of individuals between the park and private lands would affect any
control program. For example, hunting on lands adjacent to CNP may keep immigration
from private lands to CNP low and allow a management of standard yearly hog takes in
CNP to be effective. In contrast high habitat quality and high hog productivity on private
lands could support immigration into the park.
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Due to the fact that eradicating feral hogs across large mainland regions is often
costly and difficult, I recommend research in CNP focus on understanding and mitigating
the ecological effects of this introduced mammal. Research should be conducted on the
long-term impacts of feral hogs on specific flora, fauna, communities, and locations of
interest to the park. The relationships between rooting and erosion, and whether there are
effects of hogs not related to rooting, such as disease transmission, also need to be
examined. At this time we have little to no data on the survival and dispersal of piglets,
which would improve our understanding of population trends and demographics. Lastly,
additional data on the frequency of movement of hogs from private lands to CNP would
be beneficial. Research, especially in Hawaii (Vtorov 1993) and Tennessee (Bratton
1975, Singer et al. 1984; Lacki and Lancia 1986) suggest these topics could be important
and worth future study.
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SUMMARY AND CONCLUSIONS

The amount of destruction caused by feral hogs to an ecosystem can have
negative impacts to native species that inhabit the region. In the southeastern U.S. hog
numbers are increasing due to a lack of biological control, and their impacts are a major
concern for biologists (Engeman et al. 2001). One area of particular concern is Congaree
National Park (CNP) in South Carolina. The park is classified as a floodplain forest and
includes the largest intact tract of oldgrowth hardwoods in the U.S. This unique
floodplain ecosystem supports 19 vertebrate and 9 plant at-risk species. Many of these
state or federally listed plants and animals occur in areas of the park susceptible to hog
rooting activity, such as seepage forests. My goal was to examine home range and habitat
use so as to better understand the spatial dynamics of feral hogs in the park.
I examined home ranges of hogs in CNP from April 2005 to November 2006. I
compared home ranges between genders, seasons, and years using 95% kernel estimation.
Home ranges were compact when compared to hog studies nationally and internationally.
The small home ranges I observed and the spatial fidelity of hogs suggests an abundant
resource base within the park. There were temporal shifts in central tendency for male
and female hogs but home ranges always stabilized after shifts. The shifts and subsequent
stabilizing indicated a changing but stable resource base.
I also assessed habitat use of hogs in CNP. I overlaid a USGS vegetation map
onto a grid placed over a CNP map. Habitat variables related to vegetation structure
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were selected based on their abundance in the park or perceived importance to hog
movement or biology. Significant habitat models for female, male and all hogs pooled
included a habitat variable containing a species of oak. This suggests that hogs are
selecting habitats for availability of oak mast, and that its prevalence in the park may be
critical to hogs. Hogs were, however, recorded on all habitat types in CNP.
Drought may have resulted in hogs concentrating their activity around known
water sources allowing them to remain there for longer periods of time due to the
availability of water, food, and/or other factors, thus limiting home range size. Lack of
flooding may have resulted in greater hog abundance during the study. Even though the
home ranges I measured were small, droughts may have increased home ranges slightly.
Drought conditions also may have affected habitat use. Lower water levels would expose
habitats, such as bald cypress/water tupelo/Carolina ash/swamp tupelo, that would not be
available during flooding.
The home ranges of feral hogs in CNP were relatively small and habitat use was
relatively homogeneous. This suggests that foraging and rooting activity are likely to be
concentrated for each individual, but relatively widespread throughout the park. As high
levels of hog activity will likely be concentrated inside home ranges, the risk to specific
locales increases. Hog activity is a risk for much of CNP based upon the relatively
continuous distribution of hogs throughout the park. Since hogs move freely between the
park and adjacent private land a management plan aimed at limiting or controlling hog
populations in CNP will only be effective if private land owners are incorporated.
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Appendix A
95% Kernels and Relocations
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